Background: Limited research is available on the relationship between social support, social strain, and cognitive function among communitydwelling U.S. Chinese older adults. This study aims to examine the associations between social support/strain and cognitive outcomes. Methods: Data were drawn from the Population-Based Study of Chinese Elderly (N = 3,159). Cognitive function was measured by a battery of tests including the East Boston Memory Test, the Digit Span Backwards assessment, and the Symbol Digit Modalities Test. Social support and strain were measured by the scales drawn from the Health and Retirement study. Multiple regression analyses were conducted. Results: Social support was significantly associated with global cognitive function (β = .11, SE = .02, p < .001), episodic memory (β = .11, SE = .03, p < .001), working memory (β = .18, SE = .08, p < .05), and executive function (β = 1.44, SE = .37, p < .001). Social strain was significantly associated with global cognitive function (β = .23, SE = .05, p < .001), episodic memory (β = .27, SE = .07, p < .001), working memory (β = .34, SE = .17, p < .05), and executive function (β = 2.75, SE = .85, p < .01). In terms of sources of social support/strain, higher support from friends was significantly associated with higher global cognitive function (β = .04, SE = .02, p < .05), higher episodic memory (β = .05, SE = .02, p < .05), and higher executive function (β = .71, SE = .29, p < .05). Higher strain from spouse was significantly associated with higher global cognitive function (β = .10, SE = .03, p < .01), higher episodic memory (β = .11, SE = .04, p < .01), and higher executive function (β = 1.28, SE = .49, p < .01). Higher strain from friends was significantly associated with higher executive function (β = 3.59, SE = 1.17, p < .01). Conclusions: Social support and strain were associated with cognitive outcomes. Future longitudinal studies should be conducted.
The population of U.S. Chinese older adults aged 65 and older has increased dramatically by 55% in the past decade, far exceeding the population growth rate of 15% among general U.S. older adults (1) . Despite this dramatic increase, research on cognitive aging of U.S. Chinese older adults was limited due to methodological barriers, such as a lack of linguistically and culturally sensitive instruments, and difficulties in recruitment (2) . Cognitive function is crucial to older adults as it is closely associated with physical function, psychological health, and quality of life (3, 4) . Having a better understanding of cognitive function among the increasing U.S. Chinese older adults has become a prominent issue for researchers, policy makers, and health care providers.
An older adult's cognitive function is affected by psychosocial factors such as social support and social strain (5) (6) (7) (8) . Social support is defined as perceived supportive resources from a person's social engagement or social network, whereas social strain is conceptualized as perceived negative social exchanges such as conflict, rejection, criticism, and support failure (7) . Previous studies about social support and social strain on cognitive function have reported mixed findings (5) (6) (7) (8) (9) (10) . Within these context, theoretical mechanism underlying the association between social support/strain and cognitive function or other health outcomes is largely inconclusive (11) (12) (13) (14) . According to the solidarity-conflict model, support and strain are not competing or antagonistic concepts but can coexist among close relationships (15) . Although empirical evidence was inconclusive, potential correlations (16) or interactions (6) between sources of social support/strain may further complicate the picture.
Understanding the relationship between social support, social strain, and cognitive function among U.S. Chinese older adults is critical. The uniqueness of this population is shaped by the interplay of race, culture, and immigration (17) . As an ethnic minority, many Chinese older adults have high expectation of support from their adult children because of financial constrains (18, 19) and cultural preference (17) . However, with the substantial social, cultural, and financial changes after immigration, the children's generation may not hold on to these traditional Chinese cultural norms and fail to meet the older adults' needs (20) . Also, family was traditionally ranked of the highest importance in the Chinese older adults' life (21) . Yet, given the insufficient receipt of support from children and other family members, U.S. Chinese older adults have to seek more support from friends (20) . Despite these challenges faced by the U.S. Chinese older adults, we have limited knowledge about the relationship between social support, social strain, and cognitive function among this population.
Building upon previous studies, we formulated our study hypotheses: (i) higher levels of social support would have a positive association with cognitive outcomes; and higher levels of social strain would have a negative association with cognitive outcomes and (ii) support from a spouse would be the source that most significantly associated with cognitive outcomes. Although U.S. Chinese older adults can be heterogeneous based on their origin and cultural background, this study is unique because we used the data from the PINE study, which is the largest population-based study (N = 3,159) and has the best representativeness of U.S. Chinese in the Western world. We believe the current study contributes to understanding the potential cross-cultural disparities in the relationship between social support/strain with cognitive function. It also helps to better understand the comparative importance of each source of social support in regards of reserving/deteriorating cognitive function.
Methods

Population and Settings
This study used data from the Population Study of Chinese Elderly in Chicago (PINE). The purpose of the PINE study was to examine the relationship between key cultural determinants, health, and well-being among community-dwelling U.S. Chinese older adults (22) . Built on a community-based participatory research (CBPR) approach, the PINE team designed and implemented culturally and linguistically sensitive community recruitment strategies to recruit from community centers, social service agencies, and senior apartments (23) . Out of 3,542 eligible older adults approached, 3,159 agreed to participate in the study. Backwards test. Based on all five tests, a global cognitive function score was calculated using z transformation and then averaging the transformed z score across the five tests (2); higher scores indicate higher cognitive function.
Measures
Dependent variables
Independent variables
Social support. Social support was measured by the Health and Retirement Study (HRS) social support scale (17) . For each source of social support (spouse, other family members, and friends), participants were asked "How often can you open up to if you need to talk about your worries" and "How often can you rely on for help if you have a problem?". The response options ranged from 1 (hardly ever) to 3 (often). Social support was calculated as the average of all the six items, and each source of social support was calculated separately by the average of the two items within each source (7) (Cronbach's alpha 0.73).
Social strain. The social strain scale was also drawn from HRS (17) . Social strain was measured by asking the participants to report the frequency of being "criticized" or "having too many demands" made by the spouse, other family members, and friends. Responses ranged from 1 (hardly ever) to 3 (often), with a higher value representing a higher level of social strain. Social strain was calculated as the average of the six items, and each source of social strain was calculated separately by the average of the two items within each source (7) (Cronbach's alpha 0.63).
Covariates
Demographics. Demographics included age, gender, education, marital status, personal annual income, length of residence in the community, and living arrangement.
Acculturation. Acculturation was measured using the 12-item short acculturation scale (range 12-60) developed by Marin and colleagues (25) , with higher score representing a higher acculturative level (Cronbach's alpha 0.88).
Depression. Depression was evaluated using the 9-item Patient Health Questionnaire (PHQ-9) (range 0-27) (26); a higher score represented a higher level of depression (Cronbach's alpha 0.82).
Medical conditions. Self-reported medical conditions included diabetes, hypertension, hypercholesterolemia, stroke, cardiac disease, and cancer (sum of the disease conditions, range 0-6).
Physical function. Physical function was measured by Activities of Daily Living (ADL) (range 4-18, Cronbach's alpha 0.92) and Instrumental Activities of Daily Living (IADL) (range 0-8, Cronbach's alpha 0.90), with higher scores indicating worsening physical function in both scales (27) .
Data Analysis
A series of unadjusted linear regression analyses were used to examine the association between the independent variables and the dependent variables. Next, each of the linear regression analyses was repeated and adjusted for covariates, which were selected based on their bivariate associations with cognitive function. Pearson correlation coefficients, variance inflation factor (VIF < 10.0), and tolerance (tolerance > .01) diagnostic methods were used to screen for multicollinearity among variables included in the models. Potential interactions between overall and different sources of social support/ strain were also screened. The nondirectional statistical tests were conducted with p value at .05, and standardized regression coefficients were used to describe the results. All analyses were performed using SAS 9.3 (SAS Institute, Cary, NC).
Results
Participants
Among the 3,159 participants, 58.9% were women. The mean age was 72.8 years (range 60-105; Table 1 ). Social support score ranged from 2 to 18 (M = 11.95). Social strain measure ranged from 3 to 18 (M = 6.12). Global cognitive function (the z score) ranged from −2.8 to 2.0 (M = −0.002). Other information related to social support, social strain, and cognitive outcomes are also displayed in Table 1 .
Social Support and Social Strain
There were no significant interactions found between overall or any source of social support and strain. No multicollinearity was found in the models. Based on the fully adjusted models, U.S. older adults who received more overall social support tended to preserve better global cognitive function (β = .11, SE = .02, p < .001), episodic memory (β = .11, SE = .03, p < .001), working memory (β = .18, SE = .08, p < .05), and executive function (β = 1.44, SE = .37, p < .001). Older adults who had more overall social strain are also prone to have better global cognitive function (β = .23, SE = .05, p < .001), episodic memory (β = .27, SE = .07, p < .001), working memory (β = .34, SE = .17, p < .05), and executive function (β = 2.75, SE = .85, p < .01; Table 2 ).
Social Support and Social Strain From Spouse, Family Members, and Friends
Again, we found no significant interactions and no multicollinearity issue over the process of analyses. Based on the fully adjusted models, older adults who received higher levels of support from friends had higher global cognitive function (β = .04, SE = .02, p < .05). Those who received higher levels of support from friends (β = .05, SE = .02, p < .05) and who received higher levels of strain from spouse (β = .11, SE = .04, p < .01) reported higher score of episodic memory. Older adults who had higher level of support from friends (β = .71, SE = .29, p < .05), higher level of strain from spouse (β = 1.28, SE = .49, p < .01), and higher level of strain from friends (β = 3.59, SE = 1.17, p < .01) had higher score of executive function (Table 3) . None of the sources of social support/strain was significantly associated with working memory (p > .05).
Discussion
We found no significant interactions between overall or any source of social support and social strain. Higher levels of social support and social strain had significant associations with higher levels of cognitive outcomes (ie, global cognitive function, episodic memory, working memory, and executive function). However, findings related to sources of social support and social strain were mixed. Specifically, strain from spouse and support from friends were significantly associated with global cognitive function, episodic memory, and executive function. Strain from friends was significantly associated with executive function. Support or strain from family members had no significant associations with any of the cognitive outcomes, regardless of adjusting for covariates or not. Surprisingly, our study found that higher social strain was associated with higher levels of global cognitive function as well as each of the specific cognitive domains. These findings were in contrast to our hypothesis that higher social strain would be associated with lower cognitive function (6,7). The unexpected findings may partially be explained by the following reasons. (i) U.S. Chinese older adults may have unique features of appraisals comparing with previously studied populations. Reporting social strain may reflect a socially Each cognitive test is the z score.
engaged lifestyle (14) . Influenced by the traditional Chinese culture and norm, the U.S. Chinese older adults view their active engagement in the family as indications of self-value (19) . Consequently, U.S. Chinese older adults are likely to have more positive evaluations of their social strain.
(ii) The co-existence of social support and social strain. A previous study found that U.S. Chinese older adults who perceive higher social support also tend to perceive higher social strain (17) . This finding along with ours are consistent with the theoretical underpinning of the solidarity-conflict model (15) . One of the important contributions of our study is of categorizing and accounting for different sources of social support and strain. Our study partially supported our hypothesis and found that higher level of support from friends and higher level of strain from spouse showed strong associations with higher global cognitive function. These findings were consistent with Chen and colleagues' findings (7), which also indicated a significant relationship with support from friends and strain from spouse in the HRS. It is possible that both studies recruited community-dwelling older adults, where frequent interactions with friends are an important component of their social life. Having more support from friends may indicate a lifestyle involving more out-of-home and intellectually stimulating activities (14) that could be beneficial for the preservation of cognitive function (28, 29) .
Another important contribution of the study is that we have expanded our understanding of social support and social strain in relationship with different cognitive domains. This process is important given the role of specific cognitive domains in disease diagnosis (30) . Without considering sources of social support/strain, we found significant associations between overall social support/strain with all three specific cognitive domains. However, the associations were attenuated after the sources of social support/strain (ie, spouse, family members, and friends) were taken into consideration. Specifically, higher strain from spouse and from friends, as well as higher support from friends, had significant associations with higher executive function. The basis was unclear as previous studies were scarce and the results varied (9, 14) . One possibility may be that the measurement of executive function is more sensitive to capture the age-related declines as compared with measurements of other cognitive domains (14, 31) . This sensitivity may be especially important in our sample of community-dwelling U.S. Chinese older adults, among whom 42% were between 60 and 70 years of age and tended to have intact cognitive function. Our findings suggested that social exchanges with friends were critical in preserving older adults' abilities in planning, organizing, and implementing tasks. These findings furthered our understanding of the benefit of a socially engaged lifestyle.
The findings of this study should be interpreted in the context of several limitations. The study participants were recruited from the greater Chicago area. The generalizability of these findings to Chinese older adults living in other regions of the U.S. might be limited. However, the findings are still important given the representativeness of the current study sampling to the greater Chicago area (23) , and this is by far the largest study targeting Chinese older adults in the Western world (22) . In addition, the current study only measured and analyzed emotional support but has not taken other aspects of support, such as financial and instrumental support into consideration. Future studies should also examine the potential contributions of other aspects of social support to cognitive outcomes. Further, the cross-sectional study design of the current study limits our understanding of the temporal relationship between social support and cognitive function. Future longitudinal studies will be helpful in understanding of the variations of associations between social support/strain and cognitive function over time. This study has important implications for researchers, policy makers, and health care providers. With the recent 2015 White House Conference on Aging announcement that combating dementia is a high priority, new preventive policies and programs that help promote healthy brain are highly needed (32) . This study contributes to the understanding of the potential cross-cultural disparities in terms of social support/strain and cognitive function. It also warrants further exploration on the insignificant results on the association between social support from spouse and other family members and cognitive functioning within this population. Qualitative analysis should be conducted to capture the essence of support/strain from friends and understand why they play such important roles in the U.S. Chinese older adults' lives. Future studies are also needed to explore social support/strain as predictors of cognitive decline over time. Local community service organizations should encourage older adults to be more involved in community activities and peer supported social groups. Policies and programs targeting U.S. Chinese older adults should also be designed with appreciations of the culture valued by this specific population.
In sum, this study demonstrates that both social support and social strain have significant associations with global cognitive function, as well as consistently across cognitive outcomes. However, the findings with respect to sources of social support and social strain were mixed. The findings in this study highlight the importance of integrating support from spouse and friends into policy and program developments. Future studies should be conducted to better understand the mechanism through which social support/strain has an impact on cognitive function in this unique cultural context.
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